Summary &mdash; A simple new technique for testing worker honeybees' ability to distinguish between honeybee queens is presented. Two queens were caged separately with groups of young sibling workers which were the daughters of another queen. The cages were exposed to the same environmental odours for 10 days. When placed in the test apparatus and given a choice of both queens, workers segregated towards the queen with which they had been caged. This provides further evidence that the distinctive odour of an individual queen is probably partly inherited and is learned by workers. The nature and functioning of queen odours are discussed.
INTRODUCTION
The distinctive odours common to the members of a honeybee colony are acquired in part by adsorption of the odours present in the hive atmosphere onto the waxes of the body surface (Renner, 1955 (Renner, , 1960 . The ability of worker bees to recognise and prefer their own queen to another (Henrikh 1955 ; Velthuis and Van Es, 1964;  Morse, 1972) could be because she has acquired the same odour as the workers themselves (Boch and Morse, 1974) .
However, even after queens have been exposed for several days to the same hive atmosphere, worker bees are able to differentiate between them and recognize their own queen (Boch and Morse, 1979) . This indicates that adsorption of different odours onto the body surfaces of queens is not entirely sufficient to explain their individual odour characteristics.
Recent behavioural evidence suggests that the distinctive odours of queens are in part genetically determined. In the laboratory small groups of free-moving workers are able to discriminate between queens on the basis of inherited odours (Breed, 1981) or of closeness of kinship of queens to workers (Page and Erickson, 1986 
RESULTS AND DISCUSSION
At each observation less than half of the workers were found to be in cages with queens. However, in every test, both after 2 h and 24 h, more workers were found in the cage containing their own adopted queen (with which they had been caged for 10 days) than in that containing the foreign queen (table I) .
If a honeybee queen is placed in a foreign colony, she is usually treated aggressively by workers (Yadava and Smith, 1971; Robinson, 1984) . In order to introduce a new queen to a colony, beekeepers often enclose her in a wire mesh cage through which workers can contact but not sting her (Butler and Simpson, 1956 ). The queen is released after = 24 h, when she is no longer attacked. Probably during the short period of caging the queen loses much of the absorbed odour by which she was recognised as foreign. Worker conditioning to a new queen odour (Breed, 1981) and acquisition by the queen of odours associated with the new colony (Robinson, 1984) are probably also involved in this rapid change of worker response. Although an element of doubt must remain, it seems unlikely that much of the acquired odour associated with the queens used in our experiments remained after 10 d in an incubator. By then, significant differences in the odours of the queens were likely to be genetically determined.
The ability of workers to distinguish queens to which they were related to different degrees was demonstrated by Boch and Morse (1982) and Page and Erickson (1986) . Our results lend further support to a partly genetic origin of distinctive queen odours. However, in this study all workers used were siblings and queens were not closely related to the workers; therefore the attraction to queens was not dependent upon the extent of a shared genotype. Breed (1981) and Moritz and Crewe (1988) also demonstrated this discriminatory ability of workers with respect to unrelated queens; they suggested that the queen recognition system was based on learning. In most circumstances workers probably assess the acceptability of a queen according to odours to which they are conditioned, some of which happen to be genetically determined.
In the polygynous ant, Myrmica rubra L, loyalty to a queen does not seem to be related to genotype but rather appears to be a learnt response. Very young workers are unable to distinguish their own mother queen either from other queens in the same colony or from foreign queens from another colony (Evesham, 1985) . However, the worker ants tend to become conditioned to and form a bond with the first queen they encounter and prefer her to other queens (Evesham, 1984) .
The genetic components of honeybee colony odour are probably recognised in a similar manner to queen odour. Worker recognition has been shown to involve inherited odour characters by Breed (1983) and Getz and Smith (1983) . Breed et al (1985) showed that workers can discriminate closeness of kinship with other workers and probably use their own genotype as a reference point. This leads to the potential for kin selection within a colony and there is evidence that this occurs (Getz and Smith, 1983; Breed et al, 1985; Page et al, 1989) . However, colony odour has a function distinct from this. It is used to distinguish nest-mates from intruders and is probably composed of both acquired environmental cues and bee-derived cues.
Disseminated to the whole colony in the wax of the comb and in cuticular hydrocarbons (Breed et al, 1988) , it seems likely that even the bee-derived, genetically determined components of colony odour are learned by workers in the same way as queen odour (which indeed must form part of it). This would be consistent with a "Gestalt" or group model of colony odour similar to that proposed by Crozier and Dix (1979) but not solely dependent upon inherited odour characters. By contrast, some genotype dependent kin recognition cues appear to remain distinctly associated with individuals (Breed et al, 1985) . These may be chemicals of lower volatility (Getz et al, 1989) .
Queens may usually be recognised by only 2 criteria, firstly as queen caste due to pheromones (Velthuis, 1985) , and secondly as nest-mates due to a learned odour comprising elements which have been both acquired and inherited by the queen.
Our results are in agreement with the suggestion of Boch and Morse (1974) (Breed, 1981; Page and Erickson, 1986 (Hamilton, 1964a,b; Breed, 1981) critères : 1), appartenance à la caste des reines (par les phéromones), 2), appartenance au même nid (par l'odeur commune de la colonie). L'odeur de la colonie semble être composée à la fois de signaux acquis du milieu et de signaux provenant des abeilles (Breed et al, 1988) , qui incluent probablement ceux provenant de la reine; elle est susceptible d'être apprise par les ouvrières. Les ouvrières sont éga-lement capables de distinguer leur degré de parenté avec les reines (Breed, 1981;  Page and Erickson, 1986), ce qui peut constituer un signal pour la sélection de la parenté dans les cas où il y a plusieurs reines dans la colonie (par exemple après essaimage). Cela reste à démontrer en conditions naturelles. De jeunes ouvrières de la fourmi polygyne Myrmica rubra L, sont susceptibles de devenir conditionnées à la première reine qu'elles rencontrent et de la préférer aux autres; elles sont incapables de les reconnaître d'après leur degré de parenté (Evesham, 1984 (Breed, 1981; Boch und Morse, 1982; Page und Erickson, 1986; Moritz und Crewe, 1988 
